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ABSTRACT

The setting and hardening of concrete is accompanied with nonlinear temperature distribution caused by
development of hydration heat of cement. Especially at early ages, this nonlinear distribution has a large influence on
the crack evolution. As a result, in order to predict the exact temperature history in concrete structures it is required
to examine thermal properties of concrete. In this study, the convection heat transfer coefficient which presents
thermal transfer between surface of concrete and air, was experimentally investigated with variables such as velocity
of wind, curing condition and ambient temperature. At initial stage, the convection heat transfer coefficient is
overestimated by the evaporation quantity. So it is essential to modify the thermal equilibrium considered with the
boiling effect. From experimental results, the convection heat transfer coefficient was calculated using equations of
thermal equilibrium. Finally, the prediction model for equivalent convection heat transfer coefficient including effects
of velocity of wind, curing condition, ambient temperature and boiling effects was theoretically proposed. The
convection heat transfer coefficient in the proposed model increases with velocity of wind, and its dependance on
wind velocity is varied with curing condition. This tendency is due to a combined heat transfer system of conduction
through form and convection to air. From comparison with experimental results, the convection heat transfer
coefficient by this model was well agreed with those by experimental results.

Keywords : thermal property, convection heat transfer coefficient, velocity of wind, ambient temperature, boiling effect
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Table 1 Mix proportion of concrete

Unit_weight (kg/m°)

W/C| S/a . ch/lgixture (cm®)

o) )

(%) | (%) | W C S G AR WR
444 | 44 | 169 | 380 | 745 | 959 34 620
Table 2 Test parameters

Wind . » Temperature Boiling

velocity (m/s) Curing condition (K) effect

w/o Curing form
Curing blanket

Curing blanket+
Plastic sheet

0~5 283. 293, 303 | Dial scale
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Fig. 3 Convection heat transfer coefficient considering the velocity of wind and curing condition
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Fig. 4 Convection heat transfer coefficient considering the ambient temperature and curing condition
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Table 3 Analytical results

T=293K l T=303K
Curing Coductivit Convection heat transfer coefficient hs (W/(m" + K))
condition oduetvity ™0 /s 1m/s 23m/s | 43m/s 0m/s 1m/s 23m/s | 43m/s
17 3.1 117 139 197 83 130 147 209
CYI‘/I?I 19 9.1 133 15.8 223 95 148 16.7 237
fomg 2.1 10.3 15.0 176 25.0 10.7 166 187 265
2.3 113 165 195 275 117 17.7 20.7 293
17 3.1 36 4.0 43 36 38 44 5.1
Curing 19 3.4 40 47 56 4.0 43 5.0 5.8
blanket 21 3.9 46 5.2 6.3 45 48 5.5 6.5
2.3 43 5.1 5.6 6.9 5.0 5.3 6.1 72
Curing 17 138 2.0 23 33 1.9 23 3.3 36
blanket * 19 22 23 26 38 2.2 25 3.4 40
Plastic 21 2.4 26 3.0 43 2.4 29 3.9 45
sheets 2.3 26 2.9 3.3 47 2.6 3.2 44 5.0
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